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ADAPTIVE STRUCTURE - ORIENTED the strike and dip direction define a dip - azimuth plane 200 . 
OPERATOR The normal vector 202 to the surface 204 is the vector 

perpendicular to the dip - azimuth plane 200 . 
CROSS - REFERENCE TO RELATED Extracting valuable information from seismic data , espe 

APPLICATION 5 cially three - dimensional ( 3D ) seismic data , can be based on 
algorithms ( or mathematical operations ) that use operators 

This application claims the benefit of U . S . Provisional in XYZ space . An operator is a way to select in the XYZ or 
Patent Application 62 / 106 , 488 filed Jan . 22 , 2015 entitled INLINE / CROSSLINE / Z seismic sample points to run 
ADAPTIVE STRUCTURE - ORIENTED OPERATOR , the operations on . 
entirety of which is incorporated by reference herein . 10 A classic way of extracting information from seismic data 

is to use structure guided image processing applied to 
FIELD OF THE INVENTION seismic data . The structure dip and strike directions can be 

computed in several ways resulting in dip and azimuth data 
This invention relates generally to the field of geophysical cubes of the same footprint as the seismic data they are 

prospecting of data for potential hydrocarbon opportunities 15 computed on ( FIG . 1 ) . In order to better relate seismic data 
and , more particularly , to seismic data analysis . Exemplary measurements to geology , the classic approach in operator 
embodiments described herein generally pertain to imaging design is to use a structure guided operator ; namely “ dip 
subsurface geological layers . More specifically , exemplary steered " or " strike - steered ” operator . 
embodiments described herein pertain to an adaptive dip - The current standard in the industry is to use dip and 
steered / azimuth - steered / normal - steered way of analyzing 20 azimuth ( FIGS . and 2 ) to guide the operator direction in 
seismic data . two fashions . The first , for a large operator , the operator 

direction is either kept constant , inheriting a single dip and 
BACKGROUND azimuth from the computation location for the entire opera 

tor ( FIGS . 5 and 7 ) . The operator is called “ Linear " or local 
This section is intended to introduce various aspects of the 25 because it uses a unique direction computed at the center of 

art , which may be associated with exemplary embodiments the operator . The major flaw with these approaches is that 
of the present invention . This discussion is believed to assist the lateral variation of dip and strike directions are not fully 
in providing a framework to facilitate a better understanding taken into account . The second is using a cascaded approach 
of particular aspects of the present invention . Accordingly , it where a small operator is run on the data multiple times , 
should be understood that this section should be read in this 30 recursively , with each iteration ' s result becoming the input 
light , and not necessarily as admissions of prior art . for the next iteration . The cascaded approach fully utilizes 

Seismic data are acquired and processed to help geosci - the lateral variation of dip and strike , generating the results 
entists visualize and quantify key metrics linked to detecting of a larger operator without the requirement of explicitly 
or assessing the quantity and quality of hydrocarbons poten - populating the larger operator , but requires running multiple 
tially present in the subsurface . Seismic datasets are a way 35 times . 
to " image ” the subsurface geological layers in a way that For conventional methods , the resulting data point selec 
geoscientists can interpret geological layers and morpholo tion by the operator may include data points that are not 
gies . Geological layers are characterized by their rock physi - intended to be selected or miss relevant others . 
cal , acoustical properties , direction of deposition or conti - A technical problem exists in regards to how to properly 
nuity , but also by their " structure ” : direction towards which 40 design the operator using dip and strike direction data to 
layers are dipping toward at the current time . The “ structure ” have a meaningful operation result . Trying to select data 
is characterized by two principal measurements called dip points in the strike or dip direction would requires an 
and azimuth that define the exact direction layers are dipping Operator that changes direction as it expands away from the 
towards in the subsurface . These measurements define the central computation location , because dip and strike direc 
dip and strike direction for any point in the subsurface . 45 tion are not the same from point to point . This has not been 

FIG . 1 illustrates dip and strike directions . The strike previously done in the industry . 
direction of a geological planar feature 100 is a line 102 Further background information can be found in Nonlin 
representing the intersection of that feature 100 with a ear structure - enhancing filtering using plane - wave predic 
horizontal plane 104 . The strike direction is usually referred tion , Liu et al . , Geophysical Prospecting , 2010 , 58 , 415 - 427 ; 
to as the “ azimuth ” or angle , in a horizontal plane , between 50 and Structure - oriented smoothing and semblance , Hale , 
the strike line 102 and a reference direction ( i . e . , north or a Center for Wave Phenomena , Colorado School of Mines . 
specified direction like the survey main axis ) . The dip vector 
feature 106 is vector which has the steepest angle ( relative SUMMARY 
to the horizontal plane 104 ) of descent within the same 
planar feature 100 Dip and strike directions are perpendicu - 55 A method , including : growing , with a computer , an adap 
lar to one another . The dip vector is characterized by its dip t ive structure - oriented operator from a central computation 
and also its dip azimuth which is the direction the dip vector location within seismic data using , alone or in combination , 
points towards . The dip vector azimuth is 90 degrees rotated dip lateral variations , azimuth lateral variations , dip vertical 
compared to the " azimuth ” of the planar feature 100 . In this variations , or azimuth vertical variations . 
paper , the " dip direction ” is the direction the dip vector is 60 In the method , the growing can include searching for 
pointing towards and the “ strike direction ” is the horizontal neighboring seismic data sample points , relative to the 
vector feature 102 . central computation location , by changing a search direction 

The third direction commonly used is the normal to the at each seismic data sample point of the adaptive structure 
geological layer and is defined by the vector perpendicular oriented operator . 
to the plane defined by the dip and strike vectors ( i . e . planar 65 In the method , the growing can include following a 
feature 100 ) . FIG . 2 illustrates a normal vector to a given predetermined priority from amongst a dip direction follow 
surface ( from Oleg Alexandrov , 2011 ) . For a given surface , ing a dip vector direction , a strike direction following an 
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azimuth vector direction , and a normal vector perpendicular specific embodiments described below , but rather , it 
to both the dip and azimuth vectors . includes all alternatives , modifications , and equivalents fall 

In the method , the growing can include changing direc ing within the true spirit and scope of the appended claims . 
tion of the adaptive structure - oriented operator as the adap The “ Adaptive ” Structure - oriented Operator ( ASO ) pre 
tive structure - oriented operator expands away from the 5 sented herein is a refinement to existing concepts of struc 
central computation location . ture guided image processing applied to seismic data in 

The method can further include growing the adaptive order to better detect seismic amplitude features or enhance 
structure - oriented operator in a strike direction or a dip seismic data quality . The ASO is a way to select seismic data 
direction until a predetermined radius in the strike direction points using an operator or kernel defined in the dip / 
or dip direction , respectively , is reached . 10 azimuth / normal to bed dip direction . In short , the ASO is a 

In the method , the adaptive structure - oriented operator dip - steered and / or azimuth and / or normal - steered way of 
can be a same size in dip / strike / Normal space for each analyzing seismic data that is locally adaptive . 
computation point in the seismic data , but varies in x , y , z , The present technological advancement includes populat 
space . ing a large operator in one go ; “ growing ” it from a central 

In the method , the seismic data can be two dimensional or 15 location and using the varying dip and strike lateral and 
three dimensional . vertical variations to adapt its geometry or shape . By “ grow 

The method can further include : performing an operation ing ” , it is implied that the operator is developed through the 
on the seismic data sample within the adaptive structure data cube using the structural dip and azimuth ; this " grow 
oriented operator to generate modified seismic data ; and ing " can be achieved by expanding a geobody using neigh 
performing hydrocarbon management based on the modified 20 borhood cells , sliding planes or lines along one chosen 
seismic data . dimension ; or following dip , strike and normal direction 

In the method , the seismic data sample points can be vectors in a linear fashion in 3D using a chosen dimensional 
regularly sampled . order ( i . e . dip then strike then normal , strike then dip then 

normal , . . . ) . The exemplary embodiments discussed herein 
BRIEF DESCRIPTION OF THE DRAWINGS 25 explain how the ASO changes its search direction at each 

data point of the operator , which makes the operator adap 
While the present disclosure is susceptible to various tive . 

modifications and alternative forms , specific example The present technological advancement can improve the 
embodiments thereof have been shown in the drawings and ability to compute direct hydrocarbon indicators ( DHI ) 
are herein described in detail . It should be understood , 30 attributes , such as Lateral Amplitude Contrast , Down Dip 
however , that the description herein of specific example Terminations , and Amplitude Fit to Structure , for example , 
embodiments is not intended to limit the disclosure to the which are discussed in U . S . Patent Application Publication 
particular forms disclosed herein , but on the contrary , this 2014 / 0303896 ( title : Method for Quantitative Definition of 
disclosure is to cover all modifications and equivalents as Direct Hydrocarbon Indicators ) , the entire contents of which 
defined by the appended claims . It should also be understood 35 are hereby incorporated by reference . Applications of the 
that the drawings are not necessarily to scale , emphasis present ASO technique include , but are not necessarily 
instead being placed upon clearly illustrating principles of limited thereto , seismic amplitude feature detection , seismic 
exemplary embodiments of the present invention . Moreover , data labeling , and seismic data enhancement ( de - noising ) . 
certain dimensions may be exaggerated to help visually Moreover , the present technological advancement can be 
convey such principles . 40 used to create improved images of the subsurface , and can 

FIG . 1 illustrates the concepts of strike and dip . be used in the exploration and recovery of hydrocarbons . 
FIG . 2 illustrates a normal vector to a given surface . FIG . 3 illustrates an exemplary method embodying the 
FIG . 3 is an exemplary method of generating an adaptive present technological advancement . The ASO is a better way 

structure - oriented operator . to properly find points belonging to a structure - oriented 3D 
FIG . 4 is an exemplary map view of seismic data loca - 45 operator of a given geometry in the dip , strike , and normal 

tions . space . 
FIG . 5 is a map view of dip and strike vector computation In step 301 , input data is obtained . The input data can be 

results from seismic data . either 2D or 3D cubes of seismic data , along with corre 
FIG . 6 illustrates a map view of a conventional dip - sponding dip and / or azimuth data . A seismic cube can have 

steered operator . 50 any type of geometry . A dip cube , usually in degrees , is 
FIG . 7 illustrates a map view of an adaptive dip - steered computed on a same geometry as the seismic cube . An 

operator . azimuth cube , usually in degrees , is computed on a same 
FIG . 8 illustrates a map view of a conventional strike geometry as the seismic cube , with an angle defined from the 

steered operator . XLINE direction ( using , Petrel® for example ) and not the 
FIG . 9 illustrates a map view of an adaptive strike - steered 55 true North direction . For dip and azimuth in Petrel® , it is 

operator . assumed that the input cube of seismic data has a cell of the 
FIG . 10 illustrates a 2D side ( or vertical ) view of an same dimension in each direction ( pixel mode ) . Vector 

adaptive structure oriented steered operator . computations are done independently from seismic cell 
FIG . 11 illustrates a computer system . dimensions . In Petrel® , dip and azimuth angles are com 

60 puted in the pixel space , not the XYZ space . 
DETAILED DESCRIPTION FIG . 4 is a map view ( or top view ) of 3D seismic data 

locations 401 . The data locations 401 are regularly sampled 
Exemplary embodiments are described herein . However , seismic locations that can be used as computation locations . 

to the extent that the following description is specific to a However , irregular sampling can also be used ( i . e . 2D 
particular , this is intended to be for exemplary purposes only 65 datasets ) . 
and simply provides a description of the exemplary embodi - FIG . 5 is a map view of the 3D seismic data locations 401 
ments . Accordingly , the invention is not limited to the with the strike vectors ( solid ) and dip vectors ( dashed ) 
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( 1 ) 

displayed for the corresponding regularly sampled seismic points grown in steps 1 and 2 . Priority can be changed , it 
data locations . The dashed dip vectors show the direction the could be strike direction first , then dip direction and finally 
geological bed dips ; wherein the longer the dip vector the normal direction . Growing can also be done in all directions 
steeper the bed . The solid strike vectors show the strike radially . The choice of priority will result in a different 
direction and have the same length ( zero dip ) . 5 operator result . Depending on the type of operation carried 

In step 303 , user defined operator size or reach is out , users may want to choose different growing schemes . 
obtained . The user can define the radius in the dip direction Growing stops when the steps reach the user defined opera 
( Rdip ) , radius in the strike direction ( Rstrike ) , and the radius tor reaches in dip , strike and normal . The ASO creates a list 
in the normal direction ( Rnorm ) . This will control the size of of non - discrete INLINE , CROSSLINE and Z axis values as 
the ASO . 10 a result of the growing of the operator from a central 

In step 305 , the dip and / or azimuth is converted to di , dJ location . 
and dK displacement vector coordinates on the XL ( cross - In step 309 , the seismic amplitudes for the n samples 
line ) , IL ( inline ) , and Z axis , repsectively . This is accom - selected by the ASO are read , “ populating ” the operator . 
plished by computing the projection INLINE , CROSSLINE This step can involve reading the amplitudes of the closest 
and Z axis for the dip and normal vectors . This allows for 15 nodes ( no interpolation , also called " snapping ” ) or interpo 
translating the dip and azimuth input values into discrete late the input seismic amplitudes to the non - discrete 
steps in all seismic axes for each input sample . INLINE , CROSSLINE and Z axis values calculated by the 

The V vector quantifies the amount of projected distance ASO . Interpolation can be done using various interpolation 
covered in INLINE , CROSSLINE and Z axis respectively schemes , dip - steered and azimuth - steered or not . 
for each step in the dip direction . 20 In step 311 , a user defined operation is performed on the 

n amplitude points populated in step 309 . Such user defined 
operations can include determination of median , average , or 

cos ( dip ) * sin ( azimuth ) / A ) | di count , comparing a plurality of the n amplitude points to 
Normalized dip vector V = cos ( dip ) * cos ( azimuth ) / A | = | DJ each other or some other data , performing amplitude edge 

tan ( dip ) ( DK ) 25 detection , conformance to structure , signal enhancement , or 
denoising . Moreover , the n amplitude points can be used to 
construct an image of the subsurface . This is not an exhaus wherein A = V ( cos ( dip ) * sin ( azimuth ) ) 2 + ( cos ( dip ) * cos ( azimuth ) ) 2 tive list as a user could determine other operations to 
perform on the n amplitude points . Those of ordinary skill in 

The S1 and S2 vectors quantify the amount of projected 30 the art are familiar with the operations that can be carried out 
distance covered in INLINE , CROSSLINE and Z axis on selected samples . The present technological advancement 
respectively for each step in the strike direction . relates to the ASO that properly selects samples using 

structure dip and / or azimuth measurements as a guide . 
In step 313 , if additional input cube samples are available , 

- dd ( 3 ) 35 then the process can return to step 307 and a new ASO can 
Normalized strike vectors S1 = dI and $ 2 = - d / be formed for the additional input cube sample . Each new 

ASO is generated independently of other operators , as the 
present technological advancement is not a cascaded pro 
cess . 

The N vector quantifies the amount of projected distance 40 If there are no more additional input cube samples , then 
covered in INLINE , CROSSLINE and Z axis respectively the process can proceed to step 315 , wherein a new seismic 
for each step in the NORMAL direction . cube is outputted constructing a new image of the subsur 

face . 
For comparison purposes . FIG . 6 illustrates a conven 

Computing Normal vector V * VT = ( 4 ) 45 tional dip - steered operator definition . FIG . 6 is a map view 
din din and depicts various contours and dip vectors , wherein 604 
din , and Normalized Normal vector N = | din D indicates updip and 606 indicates downdip . The dip - steered 
dKn dKn operator 602 is a rectangle centered a computation location 

600 . The orientation of the dip - steered operator 602 is 
( 5 ) 50 inherited from the central computation location 600 . where D = V ( din ) 2 + ( din ) 2 + ( dKn ) 2 FIG . 7 illustrates an adaptive dip - steered operator in 

accordance with the present technological advancement . 
In step 307 , the adaptive structured - oriented operators are FIG . 7 is a map view and depicts various contours and dip 

created and structure - oriented 3D neighbors ( I . J . K ) are vectors , wherein 704 indicates updip and 706 indicates 
determined . This step includes finding , within the seismic 55 downdip points . The dip - steered operator 702 is a not a 
data , all the neighbors from a central computation location rectangle with orientation inherited from the central com 
( 700 in FIG . 7 or 900 in FIG . 9 ) that are reached by the ASO . putation location 700 . Rather , in accordance with the present 
Using V , S1 , S2 , and N , neighboring samples n are found by technological advancement , the adaptive dip - steered opera 
growing the operator from a central computation point in the tor changes its geometry as it grows away from the central 
normal , strike , and / or dip directions . The number of samples 60 computation location point 700 . The dip direction is fol 
n within the ASO is determined by equation 6 . lowed laterally ( and vertically ) and is not assumed constant . 

For comparison purposes . FIG . 8 illustrates a conven n = ( 2 * Rstrike + 1 ) * ( 2 * Rnorm + 1 ) * ( 2 * Rdip + 1 ) samples tional strike - steered operator definition . FIG . 8 is a map 
There are many ways of growing the operator . For view and depicts various contours and dip vectors ( strike 

instance one can define priorities , dip direction first from 65 vectors being perpendicular to the dip vectors ) , wherein 804 
center location as first step , then strike direction from step 1 indicates updip and 806 indicates downdip . The strike 
points as second step and finally normal direction from steered operator 802 is a rectangle centered a computation 
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location 800 . The orientation of the strike - steered operator acquiring seismic data , hydrocarbon extraction , hydrocar 
802 is inherited from the central computation location 800 . bon production , hydrocarbon exploration , identifying poten 

FIG . 9 illustrates an adaptive strike - steered operator in tial hydrocarbon resources , identifying well locations , drill 
accordance with the present technological advancement . ing a well , determining well injection and / or extraction 
FIG . 9 is a map view and depicts various contours and dip 5 rates , identifying reservoir connectivity , acquiring , dispos 
vectors ( strike vectors being perpendicular to the dip vec - ing of and / or abandoning hydrocarbon resources , reviewing 
tors ) , wherein 904 indicates updip and 906 indicates down - prior hydrocarbon management decisions , and any other 
dip . The strike - steered operator 902 is a not a rectangle with hydrocarbon - related acts or activities . 
orientation inherited from the central computation location FIG . 11 is a block diagram of a computer system 2400 that 
900 . Rather , in accordance with the present technological 10 can be used to generate the ASO . A central processing unit 
advancement , the adaptive strike - steered operator 902 ( CPU ) 2402 is coupled to system bus 2404 . The CPU 2402 
changes its geometry as it grows away from the central may be any general - purpose CPU , although other types of 
computation location point 900 . The strike direction is architectures of CPU 2402 ( or other components of exem 
followed laterally ( and vertically ) and is not assumed con - plary system 2400 ) may be used as long as CPU 2402 ( and 
stant . 15 other components of system 2400 ) supports the operations 

FIG . 10 illustrates the same example shown in FIGS . 6 as described herein . Those of ordinary skill in the art will 
and 7 , but in a side view . The “ structure ” is followed appreciate that , while only a single CPU 2402 is shown in 
adaptively in the dip , strike and normal ( strike not shown for FIG . 11 , additional CPUs may be present . Moreover , the 
graphing purposes ) direction resulting in a truly structured computer system 2400 may comprise a networked , multi 
adaptive operator . In FIG . 10 , seismic data samples 1001 20 processor computer system that may include a hybrid par 
( only one being labeled for clarity ) are shown in a vertical allel CPU / GPU system . The CPU 402 may execute the 
plane view . The adaptive structured oriented operated 1002 various logical instructions according to various teachings 
is centered at computation location 1000 and grown in a disclosed herein . For example , the CPU 2402 may execute 
manner consistent with the present technological advance machine - level instructions for performing processing 
ment as discussed above . As FIG . 10 is a vertical plane view , 25 according to the operational flow described . 
the lines 1003 are seismically derived surfaces ( as opposed The computer system 2400 may also include computer 
to FIGS . 6 and 7 , wherein the lines are contours on a 2D map components such as non - transitory , computer - readable 
view ) for illustration purposes and are not used for growing media . Examples of computer - readable media include a 
the operator . random access memory ( RAM ) 2406 , which may be SRAM , 

The present technological advancement includes populat - 30 DRAM , SDRAM , or the like . The computer system 2400 
ing a large operator in one go , “ growing ” it from a central may also include additional non - transitory , computer - read 
location and using the varying dip and / or strike lateral and able media such as a read - only memory ( ROM ) 2408 , which 
vertical variations to adapt its geometry or shape . The may be PROM , EPROM , EEPROM , or the like . RAM 2406 
exemplary embodiments in FIGS . 7 , 9 , and 10 illustrate that and ROM 2408 hold user and system data and programs , as 
the ASO changes its search direction at each data point of the 35 is known in the art . The computer system 2400 may also 
operator , which makes the operator adaptive . include an input / output I / O ) adapter 2410 , a communica 

Comparing FIG . 6 to 9 and FIG . 10 , those of ordinary skill tions adapter 2422 , a user interface adapter 2424 , and a 
in the art can appreciate why such an adaptive operator display adapter 2418 . 
design is superior to classic approaches and shows data The 1 / 0 adapter 2410 may connect additional non - tran 
selected by the adaptive operator are the points intended to 40 sitory , computer - readable media such as a storage device ( s ) 
be captured by " dip - steered ” or “ strike - steered ” operator in 2412 , including , for example , a hard drive , a compact disc 
the first place . The FIGS . 6 - 9 show a 2D map view example ( CD ) drive , a floppy disk drive , a tape drive , and the like to 
for simplicity , but the normal to bed dip ( FIG . 2 ) is also computer system 2400 . The storage device ( s ) may be used 
followed adaptively by the ASO . The structure direction ( dip when RAM 2406 is insufficient for the memory require 
and azimuth ) used by the ASO is NOT being recomputed 45 ments associated with storing data for operations of the 
during the process ( i . e . , the process in FIG . 3 does not need present techniques . The data storage of the computer system 
to recompute the structure direction as the ASO is adaptive 2400 may be used for storing information and / or other data 
and possesses the structure direction as input data ( dip and used or generated as disclosed herein . For example , storage 
azimuth cubes ) ) . device ( s ) 2412 may be used to store configuration informa 

Using ASO versus a conventional structure guided opera - 50 tion or additional plug - ins in accordance with the present 
tor allows a user to generate more locally accurate and techniques . Further , user interface adapter 2424 couples user 
refined results by eliminating the assumption that the struc input devices , such as a keyboard 2428 , a pointing device 
ture direction is unique throughout the entire operator size . 2426 and / or output devices to the computer system 400 . The 
The shape of the ASO is solely guided by the variation of the display adapter 2418 is driven by the CPU 2402 to control 
input dip and azimuth fields , varies from computation loca - 55 the display on a display device 2420 to , for example , present 
tion to the next , and is not fixed in XYZ space or simulated information to the user regarding available plug - ins . 
in a cascaded approach . In the present technological The architecture of system 2400 may be varied as desired . 
advancement , the ASO size is the same in dip / strike / Normal For example , any suitable processor - based device may be 
space for each computation point , but varies in the XYZ used , including without limitation personal computers , lap 
space depending upon the input dip and azimuth cubes . The 60 top computers , computer workstations , and multi - processor 
computation of the ASO can be done in one pass ( i . e . does servers . Moreover , the present technological advancement 
not require running multiple iterations ) and can fully utilize may be implemented on application specific integrated cir 
the lateral and vertical variations of dip and azimuth , namely cuits ( ASICs ) or very large scale integrated ( VLSI ) circuits . 
the " structure ” of the seismic data . In fact , persons of ordinary skill in the art may use any 

Furthermore , the new seismic cube created by the present 65 number of suitable hardware structures capable of executing 
technological advancement can be used to manage hydro - logical operations according to the present technological 
carbons . As used herein , hydrocarbon management includes advancement . The term “ processing circuit ” encompasses a 
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hardware processor ( such as those found in the hardware populating the adaptive structure - oriented operator with 
devices noted above ) , ASICs , and VLSI circuits . Input data seismic attribute values for a seismic data sample 
to the computer system 2400 may include various plug - ins encompassed by the adaptive structure - oriented opera 
and library files . Input data may additionally include con tor ; and 
figuration information . performing , with a computer , an operation on a seismic 

The present techniques may be susceptible to various data sample encompassed by the adaptive structure 
modifications and alternative forms , and the examples dis oriented operator to generate modified seismic data . 
cussed above have been shown only by way of example . 2 . The method of claim 1 , wherein the creating includes However , the present techniques are not intended to be searching for neighboring seismic data sample points , rela limited to the particular examples disclosed herein . Indeed , 10 tive to the central computation location , by changing a the present techniques include all alternatives , modifica search direction at each seismic data sample point of the tions , and equivalents falling within the spirit and scope of adaptive structure - oriented operator . the appended claims . 
What is claimed is : 3 . The method of claim 2 , wherein the seismic data 
1 . A method , comprising : 15 sample points are regularly sampled . 
selecting a location within 3D seismic data as a central 4 . The method of claim 1 , wherein the creating includes 

computation location ; following a predetermined priority from amongst a dip 
creating , with a computer , an adaptive structure - oriented direction following a dip vector direction , a strike direction 

operator from the central computation location within following an azimuth direction , and a normal vector direc 
the 3D seismic data , wherein the creating includes , 20 tion perpendicular to both dip and azimuth vectors . 
( a ) reading precomputed dip and azimuth values to 5 . The method of claim 1 , wherein the creating includes 

guide the structure - oriented operator creation , changing direction of the adaptive structure - oriented opera 
( b ) converting the precomputed dip and azimuth values tor as the adaptive structure - oriented operator expands away 

to dl , d ) , and dK dip direction vectors and structural from the central computation location . 
vectors dinorm , dJnorm , and dKnorm that are nor - 25 6 . The method of claim 1 , further comprising : creating the 
mal to dip direction vectors , adaptive structure - oriented operator in a strike direction or a 

( c ) starting from a predetermined 3D seismic point dip direction until a predetermined radius in the strike 
location , following the structural vectors to step in direction or dip direction , respectively , is reached . 
between 3D seismic points and calculating an ending inuing 7 . The method of claim 1 , wherein the adaptive structure point of one step move along one of dip , strike , or 30 or ke , of 30 oriented operator is a same size in dip / strike / Normal space normal direction , for each computation point in the seismic data , but varies in ( d ) estimating at the ending point structural vector X , Y , Z , space . values and changing guiding vector values for a next 
step move , along one of dip , strike , or normal 8 . The method of claim 1 , further comprising : 
direction , and continuing next step moves until a 35 performing hydrocarbon management based on the modi 
maximum user defined number of steps is reached in fied seismic data . 
a chosen direction , 9 . The method of claim 1 , further comprising generating , 

( e ) repeating the step ( d ) in multiple different direc - with a computer , an image of a subsurface region using the 
tions , in a user defined order , to create the adaptive modified seismic data . 
structure - oriented operator using a previous ending 40 10 . The method of claim 1 . wherein the growing includes 
point to start a next different direction , and expanding a geobody using neighboring cells and their ( f ) repeating steps ( c ) to ( e ) for all user defined starting ng dip / dip azimuth structural data . a 
locations within the 3D seismic data , creating for 
each of the starting locations a set of ending points 11 . The method of claim 1 , wherein the growing includes 
developed adaptively by the structure - oriented 45 Slidi od 45 sliding a plane along a chosen dimension . 
operator ; * * * * * 


